Abstract: Organic farming is rapidly growing due to its perceived potential for producing higher nutritional quality. However, studies of organically-and conventionally-grown crops have not always shown differences between the systems. The objective of this research was to compare the antioxidant activities of organically-grown tomato to those from a conventional production system during postharvest cold storage. "Tub Tim Dang" tomato (Solanum lycopersicum L.) fruit were harvested at the breaker stage of maturity from both organic and conventional farms. Fruit were cold-stored at 10 • C for 20 days, and samples were collected at intervals to measure the activities of superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) activities, and total antioxidant activity by the 2,2 -diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays. The activities of SOD, CAT and APX of organic tomato fruit did not differ from those of conventional fruit during cold storage. In addition, there was no effect of production system on FRAP activity. In contrast, DPPH activity of organic tomato fruit was lower than conventional fruit through 10 days of cold storage, but it was higher at 15 and 20 days. These results indicated that organic production did not have a significant effects on these antioxidant traits of tomato.
Introduction
Currently, many consumers are health conscious and aware of food quality, food safety and environmental protection, leading to an increasing demand for organic fresh products. Numerous studies on organic versus conventional crops have shown that organic fresh produce has significantly less chemical residue and greater nutritional content, including ascorbic acid, vitamin E, β-carotene and phenolics [1] [2] [3] [4] [5] . However, the differences in chemical composition between organic and conventional produce is dependent on cultural practices and environmental factors, such as time of harvest, fertilizer, water supply and soil properties [6] [7] [8] . Tomato (Solanum lycopersicum L.) fruit have high economic value and popularity in the consumer's diet, and are an important nutritional source of antioxidants [9] . Antioxidant content may change during the ripening of tomato, and this is reflected in changes in the antioxidant activity [10] .
Reactive oxygen species (ROS) are generated during normal metabolism and also under stress conditions, and are eliminated by the antioxidant system [11] . Antioxidant enzymes, including superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX), and free radical scavengers provide defense mechanisms against ROS [12] . SOD is found in the chloroplast and cytosol, and is a key antioxidant enzyme that catalyzes conversion of superoxide radicals into dioxygen and hydrogen peroxide [13, 14] . Afterwards, hydrogen peroxide is eliminated by CAT or APX. CAT is located in the peroxisome and removes hydrogen peroxide without reducing agents, while APX is located in the chloroplast and cytosol and requires ascorbate as an electron donor to eliminate hydrogen peroxide in the plant cell [15, 16] . SOD, CAT and APX are therefore efficient antioxidant enzymes for detoxifying ROS because they are located in all compartments of the cell.
Some antioxidant levels are believed to be higher in organic produce that are activated by natural mechanisms of the plant defense systems against pests and diseases or other stress factors [17] . Therefore, the aim of this study was to compare total antioxidant activity and activity of the antioxidant enzymes SOD, CAT, and APX of organically-and conventionally-grown tomato fruit.
Experimental Section

Plant Preparation
"Tub Tim Dang" tomato seeds were planted in January 2013 under both organic and conventional management systems. Both farms were located in Phakthongchai district, Nakonratchasima province, Thailand (14 • of composted manure was applied to the soil. Then, fertilizer from fermented fish (100 mL·plant −1 ) was applied three times a week until harvest. Conventional tomato fruit were grown on farms that followed Good Agricultural Practices. Before transplanting, 187.5 kg·ha −1 of NPK starter fertilizer (15-15-15) was applied to the soil. The plants were side-dressed with fertilizer 10 days after transplanting with 62.5 kg·hectare −1 of 46-0-0, with 187.5 kg·ha −1 of 15-15-15 NPK at 25 days, and with 187.5 kg·ha −1 of 13-13-21 NPK at 40 days. Irrigation was provided when it was necessary to avoid drought stress. Approximately 20 kg of fruit was harvested from both farms at the breaker stage, 55 days after transplanting. Fruit were washed with tap water, and placed in baskets before storage at 10 • C and 90% RH, where they started to ripen as indicated by fruit color change. At 0, 5, 10, 15 and 20 days of cold storage, about 30 fruit were randomly selected for a total approximate weight of 500 g and divided into three replicates. On the sampling day, tissues were frozen in liquid nitrogen and stored at −20 • C until analysis. From each replicate, 3 g of frozen sample was allocated for 2,2 -diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assays. For each analysis of enzyme activity, 5 g of frozen sample was used.
Total Antioxidant Activity
DPPH and FRAP assays followed the method of Brand-Williams et al. [18] and Benzie and Strain [19] , respectively, using a spectrophotometer. A standard curve between 25 and 800 µM Trolox was linear, and results are expressed in Trolox equivalent antioxidant activity (TEAC)·g −1 ·FW.
Enzyme Assay
For enzyme assays, 5 g of fruit tissue was homogenized in 10 mL cold extraction buffer (0.05 M sodium phosphate buffer, pH 7.8). The homogenate was filtered through a muslin cloth and centrifuged at 15,000 rpm for 20 min at 4 • C. The supernatant was used as a crude extract for SOD activity assays [20] . For the CAT and APX assays, 5 g of fruit tissue was homogenized in 10 mL of cold 0.1 M phosphate buffer at pH 7.0. The homogenate was filtered through a muslin cloth and centrifuged at 15,000 rpm at 4 • C for 20 min. The supernatant was used as a crude extract for CAT and APX activities [21] .
The SOD activity was determined based on its capacity to inhibit the reduction of nitro-blue tetrazolium (NBT) by superoxide radicals generated by xanthine oxidase. One SOD unit was expressed as the amount of extract with percent inhibition of NBT reduction [22] . CAT activity was measured at 240 nm for decomposition of H 2 O 2 (mM)·min −1 at 25 • C [23] . APX activity measured the decrease of ascorbic acid at 290 nm, and the result was expressed as mM ascorbic acid·min −1 at 28 • C [24] . Three replicates were performed for each main treatment, organic and conventional, and each reaction was repeated 3 times.
Statistical Analysis
Microsoft Excel (Redmond, WA, USA) was used to perform statistical analyses with a paired t-test to compare organic versus conventional means.
Results
2,2 -Diphenyl-L-Picrylhydrazyl (DPPH)
The DPPH assay indicated a significant difference between organic and conventional tomato fruit, with generally higher levels from the conventional system during the first 10 days of storage, while organic tomato fruit showed significantly higher levels than conventional fruit on days 15 and 20 ( Figure 1A ). Three replicates were performed for each main treatment, organic and conventional, and each reaction was repeated 3 times.
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Ferric Reducing Antioxidant Power (FRAP)
FRAP values from both systems varied from 21 to 36 μM•TEAC•g −1 •FW across storage days ( Figure 1B ), but the systems did not significantly differ.
The Activity of SOD, CAT and APX
SOD activity did not statistically differ between the two production systems across days of storage (Figure 2A ). CAT activity did not differ between systems except at 15 days of storage when the organic system value was significantly greater than the conventional system ( Figure 2B ). No significant differences between systems were found for APX activity except that the organic value was significantly lower at 5 and higher at 10 days of storage than the conventional value ( Figure 2C ). 
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Discussion
Tomato fruit are a major source of phytochemicals and antioxidants such as lycopene, phenolics, flavonoids and vitamin C [24] . In this study, the antioxidant capacity of organic and conventional tomato during cold storage was compared using DPPH and FRAP radical scavenging capacity assays. These methods are based on electron transfer reactions which measure antioxidant reducing capacity [25] . Although DPPH activity was initially higher in conventional fruit through 10 days, it was lower than organic fruit at 15 and 20 days. In contrast, FRAP antioxidant activity did not differ between organic and conventional tomato fruit during storage. These two assays may have different sensitivities to the major antioxidants found in the fruit, as well as different reaction kinetics leading to the contrasting results [25] . Moreover, antioxidant effectiveness may depend on other factors such as polarity and solubility [26] . Some studies have reported significant correlations between the level of antioxidant activity and the phytochemical content of fruit [24, 27] . Faller and Fialho [28] reported that organic tomato contained higher phytochemical contents than conventional tomato, but the assays in the present study gave conflicting results so it cannot be concluded that fruit from the two systems differed. No differences in DPPH assays were observed in other comparisons of organic versus conventional apple (Malus x domestica Borkh.), mango (Mangifera indica L.) or orange (Citrus sinensis L.) [28, 29] . The antioxidant capacity in organic or conventional fruits can be affected by cultural practices and environmental factors [4, 5, 9] . Riahi and Hdider [30] reported that organic fertilizer affected the antioxidant capacity in organic tomato. Similarly, Stracke et al. [31] demonstrated that the antioxidant capacity (FRAP, ORAC and TEAC assay) was not significant between organic and conventional apple.
SOD is a primary enzyme that eliminates superoxide radicles, converting them into dioxygen and hydrogen peroxide. Afterwards, hydrogen peroxide is catalyzed by CAT [12, 13] . APX utilizes ascorbate as the electron donor reducing H2O2 to water, and prevents the accumulation of H2O2 to toxic levels under stress conditions [32] . In this study, the SOD activity did not significantly differ between fruit grown under the two cultural systems. In contrast, Oliveira et al. [33] reported that the activities of SOD and CAT were induced by organic production. In addition, no clear patterns in APX activity in organic or conventional tomato were evident.
Conclusions
The present study did not provide evidence that would indicate the superiority of nutritional composition of organically-grown tomato fruit in terms of antioxidant capacity by either the DPPH or FRAP assays, and also by antioxidant enzyme activities. Further work will be required to assess how differing maturities and harvest dates from each system affect these traits. 
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